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Abstract: In this study, 6 lepidopteran cell lines derived from Trichoplusia ni (Tn5), Lymantria dispar (LdElta), Bombyx
mori (Bm-5), Spodoptera frugiperda (Sf21), Spodoptera exigua (Se-1), and Choristoneura fumiferana (Cf-124T) were
investigated for susceptibility to Malacosoma neustria nucleopolyhedrovirus (ManeNPV) isolated in Turkey. Infection of
Malacosoma disstria (Md203) cell line by ManeNPV was used as a control. In ManeNPV-Md203 infection, polyhedral
inclusion bodies (PIBs) were detected at 36 h p.i. and observed in all infected cells by 120 h p.i., and the infectious virus
titer increased 103-fold. At 24 h p.i., the efficient replication of viral DNA was detected. In this study, we determined that
Tn5 and LdElta cells were productive to ManeNPV, and the replication of viral DNA occurred at 24 h p.i. PIB productions
were determined in both cell lines at 36 h p.i., and the infectious virus titer in both cell lines increased 10-fold. By contrast,
infections of Sf21 cells were not found productive. However, infected cells had apoptosis-like structures. Finally, no
cytopathic effects, inclusion bodies, and viral DNA replication were detected in infected Bm-5, Se-1, and Cf-124T cell
lines. Therefore, these cell lines were accepted as non-productive. This is the first study on the host specifity of ManeNPV
in vitro. Our results suggest that Tn5 and LdElta cell lines can provide an important model for studying ManeNPV in vitro
system as in the Md203 cell line system.
Key words: Malacosoma neustria NPV, virus replication, host specificity

Altı hücre hattının Malacosoma neustria nukleopolihedrovirus (ManeNPV)
infeksiyonuna karşı duyarlılıklarının karşılaştırılması
Özet: Bu çalışmada, Trichoplusia ni (Tn5), Lymantria dispar (LdElta), Bombyx mori (Bm-5), Spodoptera frugiperda (Sf21),
Spodoptera exigua (Se-1) ve Choristoneura fumiferana (Cf-124T)’dan geliştirilmiş 6 lepidoptera hücre hattının Malacosoma
neustria nukleopolihedrovirus (ManeNPV)’e karşı duyarlılıkları araştırıldı. ManeNPV ile Malacosoma disstria (Md203)
hücre hattı infeksiyonu kontrol olarak kullanıldı. Üretken ManeNPV-Md203 sisteminde polihedral inklüzyon yapılar
(PIB) ilk olarak infeksiyondan sonra 36. saatte tespit edilirken, 120. saate kadar hücrelerin tümünün PIB içerdiği görüldü.
3
Viral DNA replikasyonu infeksiyondan 24 saat sonra belirlenirken, infektif virus konsantrasyonunun 10 -kat arttığı tespit
edildi. Çalışmada, Tn5 ve LdElta hücrelerinin virus için üretken oldukları ve bu hücrelerde viral DNA replikasyonunun
infeksiyondan 24 saat sonra meydana geldiği tespit edildi. Her iki hücrede de PIB üretiminin infeksiyondan 36 saat sonra
ortaya çıktığı ve infektif virus konsantrasyonunun da enfeksiyondan 120 saat sonra 10 kat arttığı belirlendi. Diğer yandan,
Sf21 hücrelerinin infeksiyonu üretken olmamasına rağmen, hücrelerin apoptoz-benzeri yapılara sahip olduğu tespit
edildi. Bm-5, Se-1 ve Cf-124T hücre suşlarında ise herhangi bir infeksiyon işareti gözlenmedi. Bu çalışma, ManeNPV’nin
in vitro konak seçiciliği için ilk çalışmadır. Sonuçlarımız Tn5 ve LdElta hücre hatlarının Md203 hücre kültür sisteminde
olduğu gibi ManeNPV’yi in vitro sistemde incelemek için önemli bir model olabileceğini desteklemektedir.
Anahtar sözcükler: Malacosoma neustria NPV, virus replikasyonu, konak özgülüğü
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Introduction
Nucleopolyhedroviruses (NPVs), members of the
family Baculoviridae, are one of the most promising
biological and biotechnological materials to date.
They are enveloped viruses that have doublestranded, circular DNA genomes ranging in size from
80-180 kbp (1). These viruses have been used as
biopesticides to control the population of insect pest
of agriculture, forestry, and pasture (2-4).
Recombinant baculoviruses are being used in
biotechnology for the expression of interested genes
under the control of strong polh and p10 gene
promoters (5,6). In medical area, they have attracted
attention as gene therapy vectors (7,8). Also
baculoviruses are model organisms in molecular
biology studies in terms of gene structure and
organization.
NPVs have received considerable attention as
potential microbial insecticides and some of the NPVs
have successfully been used for the control of insect
pest in agriculture and forestry (3,9). Generally, NPVs
have a narrow host range, causing a lethal infection to
only one or a few closely related insect species and
making little impact on beneficial predatory and
parasitic arthropod species. In addition, these viruses
have no deleterious effects on vertebrates including
humans. Such a high degree of host specificity makes
the NPVs environmentally sound bioinsecticides that
are expected to play a unique role in integrated pest
management programs.
NPVs, however, have serious disadvantages as well
as advantages as control agents for insect pest (2,3).
The narrow host range of NPVs generally restricts their
effectiveness against the complex of insect pests in the
fields, in which pest species are normally readily
controlled by broad-spectrum chemical insecticides.
Moreover, the slow speed of action against target
insects represents another serious disadvantage of
NPVs as efficient insecticides. A number of studies
have been conducted to overcome these 2 major
disadvantages through molecular biology and genetic
engineering technology (9,10). Improvement of speed
of killing has been achieved by incorporating foreign
genes into the viral genome that encode insect
hormones, insect-specific toxins, enzymes, and other
products that enhance the insecticidal activity (11-13).
NPVs have been isolated from more than 800 host
insect species including the orders Lepidoptera,
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Hymenoptera, Diptera, Orthoptera, Coleoptera,
Neuroptera, Thysanura, and Trichoptera (3,14).
Previous studies that examined cross-infectivity in
insect larvae have collectively indicated that each of
these NPV isolates exhibited a unique host range,
which was confined in most cases to a few, if not a
single, insect species belonging to the same family.
However, some of the NPVs, such as Autographa
californica NPV (AcNPV) and Anagrapha falcifera
NPV (AfNPV), cause mortality in a broad spectrum
of insect species from eight families or more (15). In
addition, insect cell lines have been used for studying
viruses almost since the first continuous lines had
been established. Up to now, many baculoviruses have
been replicated in a wide variety of lepidopteran cell
lines (16,17). Studies with cultured cells have
demonstrated that NPVs establish unique interactions
with different cell lines, resulting in various types of
productive and non-productive infection (16-18).
Malacosoma neustria is one of the most important
pest of various fruit trees in China, Europe, Iran,
Japan, Korea, Mongolia, northern Africa, Siberia,
Syria, Taiwan, and Turkey. To date, a few
nucleopolyhedrovirus were isolated from Malacosoma
neustria from different origins. Their biological and
morphological characteristics and ecological and
molecular properties have been determined (19-21).
Mitsuhashi (22) showed that M. neustria testacea
NPV infects a continuous cell line from larval
hemocytes of M. neustria testacea; however, no other
information was reported in the study. In our previous
study, the replication strategy of M. neustria
nucleopolyhedrovirus (ManeNPV), isolated from the
larvae of Malacosoma neustria in north-east Turkey
has been studied in detail in cell culture system (23).
However, nothing is known about the in vitro host
range and biological properties of ManeNPV in
different cell culture systems. It is important to study
in vitro host range of ManeNPV in detail to make it a
valuable tool for microbial control of different pests.
To develop useful host specifity models and to
determine the host range of this virus, we
characterized the replication of ManeNPV, the first
time in Trichoplusia ni (BTI-Tn5), Lymantria dispar
(IPLD-LdElta), Bombyx mori (Bm-5), Spodoptera
frugipeda (IPLB-SF21), Spodoptera exigua (Se-1), and
Choristoneura fumiferana (Cf-124T) cell lines and
compared the results with a productive infection of
ManeNPV in Malacosoma disstria Md203 cell line.
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Materials and methods
Cells and virus
Cell lines and the media used for each cell line are
listed in the Table. Each cell line was at high passage
(over 300) and cultures were maintained in 25 cm2
tissue culture flasks (Greiner) at 28 °C on a weekly
subculture interval.
Malacosoma neustria nucleopolyhedrovirus
(ManeNPV) used in this experiment was isolated
from diseased Malacosoma neustria larvae and was
derived by plaque purification (21,23).
Virus infection
The cells of each cell line were counted, and were
seeded at a density of 2.5 × l05 cell/well to 6-well
culture plates (Greiner). The cells were allowed to
attach overnight at 28 °C, and then they were infected
with ManeNPV at a multiplicity of infection (MOI)
of 10 pfu per cell. Mock-infected cultures were treated
as above except that the inoculum did not contain any
virus. Cytopathic effects were monitored by phasecontrast microscopy (Nikon) and photographed at 0,
24, 36, 48, 72, 96 and 120 h p.i.
Virus microtitration
Each cell line was infected with ManeNPV as
described above and incubated at 28 °C. The media
from infected cells were harvested by centrifugation
at 2,000× g for 10 min at 120 h p.i. The titer of
extracellular virus in supernatants was determined by

the 50% tissue culture infectious dose (TICD50)
method of Brown and Faulkner (24) in Md203 cells
(as control cell line). The TCID50 titer was calculated
by the Reed and Muench method (25).
Slot blot analysis of viral DNA replication
In order to determine the virus replication in cell
lines, slot blot analysis was also performed. That was
achieved through a few steps.
Viral DNA isolation
Md203 cells were infected with ManeNPV at MOI
of 10 as above. After 3 day p.i, viral DNA was isolated
from ManeNPV-infected Md203 cells according to
the protocol by Invitrogen (26). Briefly, cells were
centrifuged at 5,000 rpm for 3 min, supernatant was
transferred to a new microcentrifuge tube, and an
equal volume of 20% polyethylene glycol (4 °C) was
added. After incubation at room temperature for 30
min, the mixture was centrifuged at 13,000 rpm for
10 min. The pellet was suspended in 100 mL of
ddH2O. Then, each sample was incubated at 50 °C for
1 h after adding 10 mL of proteinase K (10 mg/mL,
Sigma). An equal volume of phenol: chloroform:
isoamyl alcohol (25:24:1) (Sigma) was added to each
tube and centrifuged at 13,000 rpm for 10 min. The
upper phase was transferred to a new tube, and
ethanol precipitation was performed. Finally, the
pellet was washed with 70% ethanol, resuspended in
10 mL ddH2O, and stored at 4 °C.

Table. Cell lines used in the study for the infection of ManeNPV.
Species

Designation

Medium

T. ni
L. dispar
B. mori
S. frugiperda
S. exigua
C. fumiferane
M. disstria
(as control)

BTI-Tn5
IPLB-LdElta
Bm-5
IPLB-Sf21
Se-1
Cf-124T
UA-Md203

TNMFH
ExCell 400
TC-100
TNMFH
TNMFH
TNMFH
TNMFH*

Ratio of
subculture

References

0.5 : 5
1:6
1:5
0.5 : 5
0.5 : 5
1:5
1:5

(45)
(46)
(47)
(48)
(49)
(50)
(28)

TNMFH medium (Grace’s Insect Medium, Sigma) and TC-100 medium (Gibco BRL)
supplemented with 10% heat inactivated fetal bovine serum (Sigma)
ExCell 400 medium (JRH Biosciences) is used as unsupplemented
* Besides with 10% heat inactivated fetal bovine serum, supplemented with 0.25 g/100
mL tryptose broth (Sigma)
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Probe preparation
A polh fragment of ManeNPV was amplified by
polymerase chain reaction (PCR) utilizing specific
primers for polh (forward (F): 5’ TAC GTG TAC GAC
AAC AAG T-3’ and reverse (R): 5’ TTG TAG AAG
TTC TCC CAG AT-3’) from ManeNPV DNA in a
total volume of 50 mL (27). Reaction mixture
included 4 μL (100 ng) of template DNA, 5 μL (10×)
of PCR buffer, 1 μL (10 mM) of dNTP mix, 2 μL of F
and R primer DNAs (10 μM), 3 μL of MgCl2 (25 mM)
and 0.5 μL of Taq DNA (2.5 u). The cycling
parameters for PCR were as follows: after an initial
denaturation step for 2 min at 94 °C, the reactions
were carried out successfully under the following
conditions: 1 min at 94 °C, 1 min at 50 °C, and 1 min
at 72 °C for 30 cycles, and finally 7 min at 72 °C. After
electrophoresis of the PCR product on 1% agarose gel,
the fragments were cleaned of gel. DNA fragments
were labeled with DIG according to the
manufacturer’s (Roche) instructions and stored at
-20 °C until used.
Hybridization
5

Each cell culture was seeded at a density of 2.5 × l0
cell/well to a 6-well plate (Greiner) and infected with
ManeNPV at MOI of 10. Culture medium from each
plate was removed at 24 h p.i. and cells were lysed by
adding 800 mL of 0.5 N NaOH into each well. The
suspension was neutralized with 80 mL of 10 M NH4acetate. Under vacuum, 100 mL of each cell lysate was
applied to the immobilon transfer membrane
(Millipore). The hybridization of the membrane with
a labeled polh probe was carried out using the Dig
High Prime DNA Labeling and Detection Starter Kit
I (Roche).

Infection of Md203 cells with ManeNPV showed
pronounced CPEs in which the nuclei of the cells were
a little swollen and the nuclear membranes were
hypertrophied through the cell membranes and
impairment in cell proliferation by 24 h p.i. At 36 h
p.i., the first PIB formation was observed clearly in a
few Md203 cells (Figure 1). While cells were generally
granulated, rounded, and developed nuclear
hypertrophy, some cells lost their general shape by
extending. At 48 h p.i., PIB sizes increased, cells began
to darken, and approximately 60%-65% of total cells
had numerous PIBs. At 72 h p.i., darkening in the cells
increased and the level of PIB-including cells reached
95%. Also, at 96 h and 120 h p.i., all infected cells
contained polyhedra and some of the cells started to
detach from the bottom of the flask. As the cells
became more hypertrophied and some of the cells
lysed, PIBs in nuclei were released into the culture
media.
Light microscopy investigation shown in Figures
2-7 summarizes the infectivity of ManeNPV in Tn5,
LdElta, Bm-5, Sf21, Se-1, and Cf-124T cell lines.
Infection in Tn5 and LdElta cell lines were similar to
that in ManeNPV-infected Md203 cells, and typical
NPV CPEs were observed in both cell lines. Cells
became granulated and swollen and nuclear
hypertrophy appeared at 24 h p.i. and PIB became
firstly visible at 36 h p.i. in both cell lines (Figures 2
and 3). The virus produced polyhedra within infected
Tn5 and LdElta cells at 48-120 h p.i. Cells in both
infected cell lines were rounded and developed
nuclear hypertrophy. Polyhedron-producing cells
increased in both cell lines at 120 h p.i. and most of
the cells became infected. Protrusions were also
observed on cell surfaces transiently between 72 and
120 h p.i.

Cytopathology and susceptibility of cell lines to
ManeNPV

While no cytopathic effects and inclusion body
was observed in Sf21 cells at any time of infection, it
was observed that apoptotic-like bodies were seen at
36 h p.i., and it appeared that the number of these
bodies increased between 48-120 h p.i (Figure 4).

To determine the virus susceptibility, ManeNPVinfected Tn5, LdElta, Bm-5, Sf21, Se-1, Cf-124T, and
Md203 cells were monitored for cytopathic effects
(CPEs) and polyhedral inclusion body (PIB)
formation. The mock-infected cells appeared to be
normal throughout the incubation period.

At ManeNPV-infected Bm-5, Se-1, and Cf-124T cell
lines no cytopathic effect and inclusion body were
observed. No significant difference was detected between
the growth curves of infected and mock-infected cell
lines. Cells appeared to be normal and continued to
proliferate even after 120 h p.i. (Figures 5-7).

Results

262

İ. DEMİR, N. GÜREL, R. NALÇACIOĞLU, Z. DEMİRBAĞ

Figure 1. Cytopathology and polyhedral formation of ManeNPV-infected Md203 cell line. M: Mock-infected
cells; PIBs: Polyhedral inclusion bodies; g and h: granulation and hypertrophy.

263

Comparative susceptibilities of six insect cell lines to infection by Malacosoma neustria nucleopolyhedrovirus (ManeNPV)

Figure 2. Cytopathology and polyhedral formation of ManeNPV-infected Tn5 cell line. M: Mock-infected
cells; PIBs: Polyhedral inclusion bodies; g and h: granulation and hypertrophy.
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Figure 3. Cytopathology and polyhedral formation of ManeNPV-infected LdElta cell line. M: Mockinfected cells; PIBs: Polyhedral inclusion bodies; g and h: granulation and hypertrophy.
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Figure 4. Cytopathology and polyhedral formation of ManeNPV-infected Sf21 cell line. M: Mock-infected
cells; ABs: Apoptotic bodies.
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Figure 5. Cytopathology and polyhedral formation of ManeNPV-infected Bm-5 cell line. M: Mock-infected
cells.
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Figure 6. Cytopathology and polyhedral formation of ManeNPV-infected Se-1 cell line. M: Mock-infected
cells.
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Figure 7. Cytopathology and polyhedral formation of ManeNPV-infected Cf-124T cell line. M: Mockinfected cells.
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Infectious virus production in cell lines infected
with ManeNPV
Infectious virus was estimated by the 50% tissue
culture infectious dose (TCID50) assay. The results
showed that ManeNPV replicated in both Tn5 and
LdElta cell lines and BVs were released at different
amounts into the culture medium (Figure 8). At 0 h
p.i., the basal virus titer was determined to be
approximately 104 p.f.u./mL (data not shown). The
infectious virus yield at 120 h p.i. in Tn5, LdElta, Bm5, Sf21, Se-1, Cf-124T, and Md203 cell lines was
calculated as 2.18 × 105, 1.25 × 105, 0.5 × 104, 3.16 ×
104, 3.16 × 104, 0.31 × 104, and 3.16 × 107 p.f.u./mL,
respectively. While production of BVs in Tn5 and
LdElta cell lines increased 10-fold in titer, no
production in BV was detected in Bm-5, Sf21, Se-1,
and Cf-124T cell lines. Also in Md203 cell line,
production of infectious viruses increased
approximately 103-fold.
Viral DNA replication
DNA replication of ManeNPV in various insect
cell lines was analyzed by slot blot hybridization using
DNAs extracted from infected cells at 24 p.i., and
subsequently hybridized with the labeled ManeMPNpolh fragment (Figure 9). The results showed that
substantial accumulation of ManeNPV DNA
proceeded in cell lines Tn5, LdElta, and Md203 cell
lines, but not in Bm-5, Sf21, Se-1, and Cf-124T cell
lines. While the viral DNA proceeds at the highest
level in LdElta cell line, it was detected only as a faint
signal in Tn5 cells.

350
300
250
200
150
100
50
0

Tn5

LdElta

Bm-5

Sf21

Se-1

Cf-124T Md203

Figure 8. Budded virus (BV) yields of ManeNPV in 6 insect cell
lines at 120 h p.i. Culture media were harvested from
infected cell lines, and virus titers were determined by
the 50% tissue culture infectious dose (TCID50) method
as described in the Materials and Methods.
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Tn5

LdElta Bm-5 Sf21

Se-1 Cfl24T Md203

M

V

Figure 9. Slot-blot analysis of viral DNA in cell lines infected with
ManeNPV at 24 h p.i. Infected cells were harvested and
viral DNA was isolated. The viral DNAs were blotted
onto transfer membrane and hybridized with labeled
ManeNPV DNA (probe) as described in the Materials
and Methods. M: Mock-infected cells lysate. V:
ManeNPV viral DNA.

Discussion
In our previous study we characterized in vitro
biological properties of Malacosoma neustria
nucleopolyhedrovirus (ManeNPV) in Md2003 cell
line (23), established from larval hemocytes of
Malacosoma disstria by Keddi et al. (28). In this study,
we determined the host range of ManeNPV in 6
lepidopteran cell lines that were derived from
Trichoplusia ni (Tn5), Lymantria dispar (LdElta),
Bombyx mori (Bm-5), Spodoptera frugiperda (Sf21),
Spodoptera exigue (Se-1), and Choristoneura
fumiferana (Cf-124T) on the basis of cytopathic
effects, infectious virus yield, and viral DNA
replication. The results were compared with the
control system in which we used ManeNPV-infected
Md203 cells.
Infection of the cell lines with ManeNPV showed
that there are 3 types of interactions between the cell
lines and the virus. These are productive infections as
exhibited in Tn5 and LdElta cell lines, abortive
infection leading to cell lysis or apoptosis as exhibited
in Sf21 cells, and nonproductive infection not
accompanied by CPE as observed in Bm-5, Se-1, and
Cf-124T cell lines.
According to the infection results, it was observed
that Tn5 and LdElta cells were sensitive to ManeNPV.
Infection of these cells by ManeNPV displayed typical
productive infection, including granulated and
swollen cells with darkening color, nuclear
hypertrophy, and the inclusion bodies in the nucleus
(Figures 2 and 3) (29,30). At 120 h p.i., all of Tn5 and
LdElta cells had PIBs. These results are similar to
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those of other productive NPV replication studies in
cell culture systems (16,18, 31-35).
The results of CPEs were supported by infectious
virus yields from Tn5 and LdElta cell lines. However,
increase in the amount of BVs in both cell lines
appears not to be consistent with the observation of
CPEs and PIBs. While CPE and PIB formation were
normally observed between 24-36 h p.i., it was
determined that production of BVs was at a low level
and increased only 10-fold. Previous studies showed
that various cell lines from Trichoplusia ni were
susceptible to viruses, such as AcNPV, AfNPV,
TnNPV, and GmNPV (17,36,37). Additionaly, we
observed firstly that Tn5 cells were sensitive to
ManeNPV in spite of the low level of BV production.
Also various cell lines from Lymantria dispar were
used for replication of baculoviruses. Riegel and
Slavicek (38) determined that BVs from LdNPVinfected Ld652Y cells were released between 24 and
36 h p.i., and polyhedra were detected at
approximately 48 h p.i. Demir and Demirbag (18)
demonstrated that LdElta cell line was permissive for
HycuNPV, and the BV yield and PIB formation were
similar to the results of Riegel and Slavick. This is the
first study to show that LdElta cells were sensitive to
ManeNPV, as in Tn5, in spite of the 10-fold increase.
Similarly, McClintock et al. (39) have shown that a
gypsy moth (Ld) cell line was semipermissive for
AcNPV.
The pattern of DNA replication detected in these
infections supports the cytopathic effect and the
infectivity data. Slot-blot hybridization data showed
that DNA was replicated efficiently in LdElta cells at
24 h p.i. Low level of viral DNA was also detected in
Tn5 cells. A previous study reported that AcNPV
DNA synthesis in Ld652Y cells, a semipermissive
gypsy moth cell line for AcNPV, was initiated between
8 and 12 h p.i., continued by increasing rate between
12 and 20 h p.i., and declined between 20 and 36 h p.i.
(39). In another study, Demir and Demirbag (18) also
indicated that viral DNA replication in HycuNPVinfected LdElta cells started at approximately 12 h p.i.
and reached a high level by 24 h p.i.
This study indicated that Tn5, LdElta, and Md203
cell lines were sensitive to ManeNPV on the bases of
cytopathic effect, infectious virus yield, and viral DNA
replication. While the CPEs were similar in 3 cell

lines, the highest DNA replication was detected in
LdElta cells, and the highest BV production was
determined in Md203 cells.
While no CPE and no inclusion body were
observed at any time in Sf21 cells, appearance of
apoptotic-like bodies as early as 24 h p.i. suggests that
ManeNPV can initiate apoptosis in this cell line
(Figure 4). There was no significant increase in
infectious virus titer in Sf21 cells, possibly due to the
induction of apoptosis by the virus (40,41). Bm-5, Se1, and Cf-124T cells appeared to be normal and
continued to proliferate even after 120 h p.i. (Figure 57). This suggests that these cell lines were not sensitive
to ManeNPV. The sensitivity of different cell lines to
NPVs may be due to tissue tropism effects or to
alterations resulting from cell transformation.
The data presented in this study are consistent
with recent observations that host-specific restriction
of NPV replication is mainly due to the inability of
viral DNA replication although restrictions at other
stages, such as attachment, penetration, uncoating,
early viral gene expression, late viral gene expression,
assembly and release of BVs, very late gene
expression, and crystallization of polyhedrin into
polyhedra, cannot be ruled out. Several studies on
AcNPV have shown that a number of immediate-early
and delayed-early genes, including those for DNA
polymerase and helicase, are necessary for viral DNA
replication (42). Kool et al. (43) reported that
amplification of regions that included hr3 and hr5
sequences enhanced viral DNA replication, further
suggesting that these elements contain cis-acting
sequences involved in DNA replication and
implicating the requirement of host-specific factors
for viral DNA replication. Maeda et al. (44)
demonstrated that the host range of AcNPV can be
expanded by recombination within the coding region
of the putative helicase gene. We postulate that major
restriction of ManeNPV replication in B. mori, S.
exigue, and C. fumiferana cells is associated with
reduced rates of viral DNA replication and results
from low transcription of one or more early genes. We
also think that delayed synthesis of viral DNA and
decreased production of BV in Tn5 and LdElta cells
might be due to incompatibility of some host
transcriptional factors or deficiency of some virus
transactivating factors.
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